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WIRING SUBSTRATE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2013-

025210, filed on Feb. 13, 2013, the entire contents of which
are incorporated herein by reference.

FIELD

This 1nvention 1s related to a wiring substrate and a
method of manufacturing the same.

BACKGROUND

In the prior art, there are wiring substrates for mounting,
clectronic components such as semiconductor chips. In
recent years, along with the advancement 1n the performance
of electronic components, the further higher density of
wirings and the further multi-layered wirings of wiring
substrates have been advanced.

A related art 1s disclosed 1n Japanese Laid-open Patent
Publication No. 11-126978.

SUMMARY

As explamned in the column of preliminary matter
described later, a high-performance semiconductor chip is
mounted on a wiring substrate while being pitch-converted
through a silicon interposer.

When the silicon interposer 1s manufactured, 1t 1s neces-
sary to form through holes 1n a silicon substrate by dry
ctching or the like, form penetrating electrodes in the
through holes by electroplating, and form fine wiring layers
on both faces of the substrate.

In the manufacture of such silicon interposer, there 1s a
problem that the technical hurdle 1s high, and manufacturing,
cost 1s 1ncreased.

One aspect of the following disclosure provides a wiring,
substrate, including a base wiring substrate including a first
wiring layer, a first mnsulating layer in which the first wiring
layer 1s buried and a first via hole 1s formed under the first
wiring layer, and a second wiring layer formed under the
first 1insulating layer and connected to the first wiring layer
through a via conductor 1n the first via hole, and a re-wiring,
portion including a second insulating layer formed on the
base wiring substrate, the second insulating layer 1n which
a second via hole 1s formed on the first wiring layer, and a
re-wiring layer formed on the second insulating layer and
connected to the first wiring layer through a via conductor 1n
the second via hole, wherein the re-wiring layer 1s formed of
a seed layer and a metal plating layer formed on the seed
layer, and a width of the seed layer 1s equal to or wider than
a width of the metal plating layer.

Another aspect of the disclosure provides a method of
manufacturing a wiring substrate, including forming a first
wiring layer on a metal plate, forming a first insulating layer
on the metal plate, the first insulating layer in which a first
via hole 1s provided on the first wiring layer, forming a
second wiring layer on the first insulating layer, the second
wiring layer being connected to the first wiring layer through
a via conductor 1n the first via hole, removing the metal
plate, forming a second 1nsulating layer on the first insulat-
ing layer, the second insulating layer in which a second via
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hole 1s provided on the first wiring layer, forming a seed
layer 1n the second via hole and on the second insulating
layer, forming a plating resist in which an opening portion
1s provided 1n an area including the second via hole, forming
a metal plating layer in the second via hole and the opening
portion of the plating resist by electroplating, removing the
plating resist, and forming a re-wiring layer by removing the
seed layer by anisotropic dry etching while using the metal
plating layer as a mask.

The object and advantages of the mnvention will be
realized and attained by means of the elements and combi-
nation particularly pointed out in the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the mven-
tion, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a cross-sectional view depicting a semiconduc-
tor device according to a preliminary matter.

FIGS. 2A to 2D are cross-sectional views depicting a
method of manufacturing a wiring substrate of an embodi-

ment (Part 1).
FIGS. 3A to 3C are cross-sectional views depicting the

method of manufacturing a wiring substrate of the embodi-
ment (Part 2).

FIGS. 4A to 4C are cross-sectional views depicting a
method of forming a second wiring layer in FIG. 3C (Part 1).

FIGS. 5A and 5B are cross-sectional views depicting the
method of forming the second wiring layer in FIG. 3C (Part
2).

FIGS. 6A to 6D are cross-sectional views depicting the
method of manufacturing a wiring substrate of the embodi-
ment (Part 3).

FIGS. 7A to 7C are cross-sectional views depicting the
method of manufacturing a wiring substrate of the embodi-
ment (Part 4).

FIGS. 8A to 8C are cross-sectional views depicting the
method of manufacturing a wiring substrate of the embodi-
ment (Part 3).

FIGS. 9A to 9C are cross-sectional views depicting a
method of forming a first re-wiring layer in FIG. 8C (Part 1).

FIGS. 10A and 10B are cross-sectional views depicting
the method of forming the first re-wiring layer in FIG. 8C
(Part 2).

FIGS. 11A to 11C are cross-sectional views depicting the
method of manufacturing a wiring substrate of the embodi-
ment (Part 6).

FIGS. 12A and 12B are cross-sectional views depicting
the method of manufacturing a wiring substrate of the
embodiment (Part 7).

FIG. 13 1s a cross-sectional view depicting a wiring
substrate of the embodiment.

FIG. 14 1s a cross-sectional view depicting an example of
a semiconductor device in which a semiconductor chip is
mounted on the wiring substrate in FIG. 13.

DESCRIPTION OF EMBODIMENT

Hereinbelow, an embodiment will be described with ref-
erence to the accompanying drawings.

Betfore describing the embodiment, a preliminary matter
that forms the basis will be described. In recent years, along
with the advancement in the performance of semiconductor
chips, the narrower pitch of connection pads has been
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advancing. Therelfore, 1t 1s becoming difficult to mount a
semiconductor chip directly on a wiring substrate.

For this reason, as depicted in FIG. 1, the techmque in
which a semiconductor chip 300 i1s connected to a wiring
substrate 100 through a silicon interposer 200 has been
developed.

The wiring substrate 100 includes connection pads 120 on
its upper face side and external connection terminals 140 on
its lower face side.

In the silicon interposer 200, through holes TH are
provided 1n a silicon substrate 220, and penetrating elec-
trodes TE are formed 1n the through holes TH. Wiring layers
240 are formed on both faces of the silicon substrate 200 and
connected to each other through the penetrating electrodes
TE.

Moreover, msulating layers 260 are formed on both faces
of the silicon substrate 220 respectively, the msulating layers
260 1n which opening portions are provided on the wiring
layers 240.

Further, the wiring layer 240 on the lower face side of the
silicon interposer 200 1s connected to the connection pads
120 of the wiring substrate 100 through connection termi-
nals 280. Furthermore, bump electrodes 320 of the semi-
conductor chip 300 are connected to the wiring layer 240 on
the upper face side of the silicon interposer 200.

In this way, the bump electrodes 320 of the semiconductor
chip 300 arranged at a narrow pitch are connected to the
s1licon interposer 200 including fine wirings, and thereby the
pitch 1s converted from the silicon interposer 200 to the
wiring substrate 100.

When the silicon interposer 200 1s manufactured, it 1s
necessary to form the through-holes TH in the silicon
substrate 220 by dry etching or the like, form the penetrating
clectrodes TE 1n the through-holes TH by electroplating, and
form the fine wiring layers 240 on both faces of the silicon
substrate 220.

In such method, the technical hurdle i1s high, and the
maker which can manufacture 1s restricted. Moreover, This
method requires 1nstallation of a costly manufacturing appa-
ratus and execution of complicated manufacturing pro-
cesses. Thus, there 1s a problem that manufacturing cost 1s
increased.

The embodiment to be described below can solve the
problem mentioned above.

EMBODIMENT

FIGS. 2A to 12B are cross-sectional views depicting a
method of manufacturing a wiring substrate of the embodi-
ment, and FIG. 13 1s a cross-sectional view depicting a
wiring substrate of the embodiment. Heremnafter, while
explaining a method of manufacturing a wiring substrate, a
structure of a wiring substrate will be explained.

In the method of manufacturing a wiring substrate of the
embodiment, as depicted in FIG. 2A, first, a first metal plate
10 1s prepared as a temporary substrate. As an example of the
first metal plate 10, a copper plate or a copper foil whose
thickness 1s 1 mm to 10 mm 1s used.

Then, as depicted in FIG. 2B, a plating resist 11 1n which
opening portions 1la are provided 1s formed on the first
metal plate 10. The plating resist 11 1s formed by attaching,
a dry film resist on the first metal plate 10 and exposing and
developing 1t by the photolithography.

Then, as depicted mn FIG. 2C, a first wiring layer 21 1s
formed by applying the metal-plating into the opening
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4

portions 11a of the plating resist 11, by means of electro-
plating utilizing the first metal plate 10 as a plating power
feeding path.

Thereatter, as depicted 1n FIG. 2D, the plating resist 11 1s
removed. In FIG. 2D, connection pads are depicted as the
first wiring layer 21. The first wining layer 21 may be
connection pads arranged like the 1slands, otherwise the first
wiring layer 21 may have the lead-out wirings and the
connection pads arranged to be connected to the ends of the
lead-out wirings.

As depicted 1n the partial cross-sectional view 1n FIG. 2D,
the first wiring layer 21 1s formed of laminated films
including a gold (Au) layer 21a whose thickness 1s 0.5 um,
a nickel (Ni1) layer 215 whose thickness 1s 1 um, and a
copper (Cu) layer 21¢ whose thickness 1s 10 um 1n this order
from the bottom.

The lowermost layer of the first wiring layer 1s formed of
a metal which functions as a stopper when the first metal
plate 10 1s removed by wet etching. Although the first metal
plate 10 1s formed of copper and the gold layer 21a 1s formed
as the lowermost layer of the first wiring layer 21 1n the
above example, 1t 1s possible to employ a different combi-
nation of metals.

Then, as depicted 1n FIG. 3A, an uncured resin film of an
epoxy resin, a polyimide resin, or the like 1s attached onto
the first metal plate 10 and the first wiring layer 21 and
pressed with heat to thereby form a first interlayer imnsulating
layer 31. The thickness of the first interlayer insulating layer
31 1s 20 um to 40 um. The first interlayer insulating layer 31
may be formed of a resin containing glass cloth.

Thereatter, as depicted in FIG. 3B, the first interlayer
insulating layer 31 1s processed by a laser to form first via
holes VH1 reaching the first wiring layer 21. As the laser, a
CO, laser, a UV-YAG laser, an excimer laser, or the like 1s
used. The diameter of each first via hole VH1 1s 20 um to 60
L.
Each first via hole VH1 i1s formed 1n a taper shape in
which the diameter 1s set small gradually from the upper face
of the first interlayer insulating layer 31 toward the thickness
direction thereof.

Then, as depicted in FIG. 3C, a second wiring layer 22 1s
formed which 1s connected to the first wiring layer 21
through a via conductor 1n the first via hole VH1. The second
wiring layer 22 1s formed by a semi-additive method.

Specifically, as depicted in FIG. 4A, first, a seed layer 22a
made of copper or the like, whose thickness 1s 1 um, 1s
formed 1n the first via holes VHI1 and on the first interlayer
insulating layer 31 by electroless plating.

Further, as depicted in FIG. 4B, a plating resist 13 1s
formed on the seed layer 22a, the plating resist 13 1n which
opening portions 13a are provided in areas including the first
via holes VHI.

Then, as depicted 1n FIG. 4C, a metal plating layer 225
made of copper or the like 1s formed from the 1nside of the
first via holes VH1 to the opening portions 13a of the plating
resist 13 by electroplating utilizing the seed layer 22a as a
plating power feeding path.

Further, as depicted 1n FIG. SA, the plating resist 13 1s
removed to expose the seed layer 22a.

Thereaftter, the seed layer 22a 1s removed by wet etching
while using the metal plating layer 225 as a mask. By this
matter, as depicted 1n FIG. 5B, the second wiring layer 22 1s
formed from the seed layer 22q and the metal plating layer
22b.

At this time, the etching rate of the seed layer 22q formed
by electroless plating 1s considerably higher than the etching
rate of the metal plating layer 225 formed by electroplating.
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For this reason, the seed layer 22q 1s etched into an undercut
shape that cut mto from the side face of the metal plating
layer 2256 toward the 1nside thereof. Moreover, since the wet
ctching 1s 1sotropic etching, the second wiring layer 1is
formed 1n a state that the width of the metal plating layer 2256
1s narrowed.

Then, as depicted in FIG. 6 A, by a method similar to the
method of forming the first interlayer insulating layer 31 in
FIG. 3A mentioned above, a second interlayer insulating
layer 32 1s formed on the first imnterlayer insulating layer 31
and the second wiring layer 22. Further, similarly to FIG. 3B
mentioned above, second via holes VH2 are formed in the
second interlayer insulating layer 32, the second via holes
VH2 reaching the second wiring layer 22.

Thereafter, as depicted 1n FIG. 6B, by a method similar to
that 1n FIGS. 4A to 5B, a third wiring layer 23 1s formed on
the second interlayer insulating layer 32, the third wiring
layer 23 being connected to the second wiring layer 22
through a via conductor 1n the second via hole VH2.

Moreover, as depicted in FIG. 6C, by a method similar to
the method of forming the first interlayer insulating layer 31
in FIG. 3A mentioned above, a third interlayer insulating
layer 33 1s formed on the second interlayer insulating layer
32 and the third wiring layer 23. Further, similarly to FIG.
3B mentioned above, third via holes VH3 are formed 1n the
third interlayer insulating layer 33, the third via holes VH3
reaching the third wiring layer 23.

Furthermore, as depicted in FIG. 6D, by a method similar
to that in FIGS. 4A to 5B, a fourth wiring layer 24 1s formed
on the third interlayer insulating layer 33, the fourth wiring
layer 24 being connected to the third wiring layer 23 through
a via conductor in the third via hole VH3. The thickness of
cach of the second to fourth wiring layers 22, 23, and 24 1s
set to about 15 um, for example. Moreover, the line (wiring
width):space (wiring distance) of the first to fourth wiring
layers 21 to 24 1s selected from a range of 10 um:10 um to
50 um:30 um, for example.

Then, as depicted 1n FIG. 7A, a solder resist 12 1s formed
on the third interlayer insulating layer 33 as a protection
insulating layer, the solder resist in which opening portions
12a are provided on connecting parts of the fourth wiring
layer 24.

By the above steps, a base wiring substrate 2 including the
first to fourth wiring layers 21 to 24 1s formed on the first
metal plate 10.

Thereatfter, as depicted in FI1G. 7B, the first metal plate 10
1s removed by wet etching. An ammonium-based alkaline
solution 1s used as the etchant of the wet etching.

At this time, the lowermost gold layer 21a (FIG. 2D) of
the first wiring layer 21 and the first interlayer insulating,
layer 31 are exposed and function as a stopper in the wet
etching. Thereby, the corrosion of the nickel layer 215 and
the copper layer 21c (FIG. 2D) 1n the first wiring layer 21 1s
prevented.

By the above steps, the first metal plate 10 1s removed
from the structure 1n FIG. 7A, so that the base wiring
substrate 2 1s obtaimned. The base wiring substrate 2 1s
manufactured as a coreless substrate having no core sub-
strate. The lower face of the first wiring layer 21 and the
lower face of the first interlayer nsulating layer 31 in the
base wiring substrate 2 are exposed so as to constitute an
identical face each other.

Then, as depicted 1n FIG. 7C, a second metal plate 10a
such as a copper plate or the like 1s prepared. Thereaftter, the
base wiring substrate 2 1n FIG. 2B 1s reversed up and down,
and the base wiring substrate 2 1s arranged on the second
metal plate 10aq through epoxy resin-based adhesive 14. In
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6

this step, the adhesive 14 1s arranged only on an outer
peripheral part of the base wiring substrate 2.

Further, the stacked body 1s pressed with heat in a vacuum
condition to cure the adhesive 14, so that the base wiring
substrate 2 and the second metal plate 10a are partially

bonded.

By this matter, the peripheral part of the second metal
plate 10qa 1s bonded to the base wiring substrate 2, thus it 1s
in a state that a center part of the second metal plate 10qa 1s

arranged simply on the base wiring substrate 2.

Also, 1t 1s 1n a state that the gold layer 21a (FIG. 2D) of
the first wiring layer 21 1s exposed on the upper face of the
base wiring substrate 2. The upper face of the first wiring
layer 21 and the upper face of the first interlayer imsulating
layer 31 1n the base wiring substrate 2 constitute an 1dentical
face each other.

In this embodiment, instead of using the silicon interposer
200 described 1n the preliminary matter, a re-wiring portion
having fine wirings similar to those 1n the silicon interposer
200 1s formed directly on the base wiring substrate 2.

First, as depicted in FIG. 8A, a liquid resin layer 34a
having photosensitivity 1s coated on the tlat upper face of the
base wiring substrate 2. Further, on the basis of the photo-
lithography, the liquid resin layer 34a 1s exposed through a
photomask (not depicted), and 1s developed, and subjected
to a baking process to be cured.

By this matter, as depicted in FIG. 8B, a fourth interlayer
insulating layer 34 1s formed on the upper face of the base
wiring substrate 2, the fourth interlayer isulating layer 34
in which fourth via holes VH4 reaching the first wiring layer
21 are provided.

In order to form a fine re-wiring portion on the base
wiring substrate 2, the thickness of the fourth interlayer
insulating layer 34 1s set to be thinner than the thickness of
the first to third interlayer msulating layers 31 to 33 of the
base wiring substrate 2.

For example, the thickness of the fourth interlayer insu-
lating layer 34 1s 2 um to 10 um and 1s preferably about 5
um, and the diameter of each fourth via hole VH4 1s 10 um
to 20 um.

The upper face of the base wiring substrate 2 1s flat and
the thickness of the fourth interlayer insulating layer 34 1s
thin. From the matter, the focus depth of the photolithogra-
phy can be secured suthiciently. Therefore, fine fourth via
holes VH4 can be formed uniformly and accurately in the
base wiring substrate 2.

Each fourth via hole VH4 in the fourth interlayer insu-
lating layer 34 1s arranged on the base wiring substrate 2
which has been reversed up and down 1n the middle of the
manufacturing, and 1s formed 1n a taper shape in which the
diameter 1s set small gradually from the upper face toward
the thickness direction. For this reason, the fourth via hole
VH4 1s arranged with a taper shape reverse to the first via
holes VH1 1n the base wiring substrate 2.

Then, as depicted 1n FIG. 8C, a first re-wiring layer 41 1s
formed on the fourth interlayer insulating layer 34, the first
re-wiring layer 41 being connected to the first wiring layer
21 through a via conductor in each fourth via hole VH4. The
first re-wiring layer 41 1s formed by a semi-additive method.

Specifically, as depicted in FIG. 9A, first, a seed layer 41a
1s formed 1in the fourth via holes VH4 and on the fourth
interlayer insulating layer 34 by sputtering. As depicted 1n
the partial cross-sectional view 1 FIG. 9A, the seed layer
d41a 1s formed of a titanium (1) layer 41x whose thickness
1s 20 nm and a copper (Cu) layer 41y whose thickness 1s 300
nm 1n this order from bottom.
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The titanium layer 41x functions as an adhesion layer that
the fourth interlayer insulating layer 34 (resin) and the
copper layer 41y are made to adhere.

By forming the seed layer 41a by sputtering, the reliabil-
ity of the film formation 1s higher than when electroless
plating 1s employed. Therefore, the thickness of the seed
layer 41a can be set thinly. Accordingly, the seed layer 41a
can be etched easily, thus 1t can respond to the miniaturiza-
tion of the re-wiring layer.

Thereafter, as depicted 1n FIG. 9B, a plating resist 15 1s
tormed on the seed layer 414, the plating resist 15 1n which

opening portions 15a are provided in areas including the
tourth via holes VH4.

At this time, since the upper face of the base wiring
substrate 2 1s flat, the focus depth of the photolithography
can be secured sufliciently. Therefore, the opening portions
15a of the plating resist 15 can be formed umformly and
accurately 1n the base wiring substrate 2.

Then, as depicted in FIG. 9C, by electroplating utilizing,
the seed layer 41q as a plating power feeding path, a metal
plating layer 415 formed of copper or the like 1s formed from
the inside of the fourth via holes VH4 to the opeming
portions 15a of the plating resist 15. The thickness of the
metal plating layer 415 1s set to 1 um to 4 um, for example.

Further, as depicted 1n FIG. 10A, the plating resist 15 1s
removed to expose the seed layer 41a. Thereatter, by aniso-
tropic dry etching using a chlorine-containing gas, the seed
layer 41a 1s etched and removed while using the metal
plating layer 415 as a mask.

By this matter, as depicted in FIG. 10B, the first re-wiring
layer 41 1s formed from the seed layer 41a and the metal
plating layer 415. The total thickness of the first re-wiring,
layer 41 1s about 5 um or less and 1s preferably 2 um to 3 um.

The anisotropic dry etching 1s performed by a dry etching
apparatus such as an RIE (Reactive Ion Etching) apparatus
or an ICP (Inductively Coupled Plasma) apparatus.

By employing the anisotropic dry etching, the narrowing
of the metal plating layer 41 1s suppressed slightly, and also
the seed layer 41a 1s not side-etched from the side face of the
metal plating layer 415 to the inside thereof. In addition, by
employing the sputtering, the seed layer 41a can be made
thin, which 1s advantageous in the mimaturization of the
wiring layer.

For this reason, the fine re-wiring layer 41 having a
line:space of 1 um:1 um to 5 um:5 um can be formed within
a design specification at a good vyield.

In the case that the seed layer 41a 1s formed of copper, the
volatility of the copper chloride produced during the drying
ctching 1s low. Therefore, it 1s preferable to set the tempera-
ture of the stage of the etching apparatus to 100° C. to 200°
C. and perform the etching in a high-temperature atmo-
sphere.

As explained m FIGS. 4A to 5B mentioned above, 1n the
case that the seed layer 1s removed by wet etching, the
narrowing and the pattern jump of the first re-wiring layer 41
1s easy to occur, thereby it 1s diflicult to form the fine first
re-wiring layer 41 at a good vield.

In this way, the width of the first re-wiring layer 41 can
be set to be narrower than the width of any of the first to
fourth wiring layers 21 to 24 of the base wiring substrate 2.

Moreover, when the first re-wiring layer 41 1s formed, the
seed layer 41a 1s removed by the anisotropic dry etching.
Theretfore, the width of the seed layer 41a 1s equal to or
wider than the width of the metal plating layer 41b. In the

example of FIG. 10B, the width of the seed layer 41a 1s
equal to the width of the metal plating layer 415.
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Besides the above case, depending upon the condition of
the dry etching, in some case, the width of the seed layer 41a
may be wider than the width of the metal plating layer 4156
such that the side face of the seed layer 414 1s 1n a skirt shape
spreading gradually as the position 1s located from the lower
end of the metal plating layer 415 toward a lower side.

Then, as depicted 1n FIG. 11 A, by a method similar to that
in FIGS. 8A and 8B mentioned above, a {ifth interlayer
insulating layer 35 1s formed on the fourth interlayer insu-
lating layer 34, the fifth interlayer insulating layer 35 1n
which fifth via holes VHS are provided on the first re-wiring
layer 41.

Thereatter, as depicted in FIG. 11B, by a method similar
to that 1n FIGS. 9A to 10B, a second re-wiring layer 42 1s
formed on the fifth interlayer insulating layer 35, the second
re-wiring layer 42 being connected to the first re-wiring
layer 41 through a via conductor in each fifth via hole VHS.

Further, as depicted 1n FIG. 11C, by a method similar to
that in FIGS. 8 A and 8B mentioned above, a sixth interlayer
insulating layer 36 1s formed on the fifth interlayer insulating
layer 35, the sixth interlayer insulating layer 36 in which
sixth via holes VH6 are provided on the second re-wiring
layer 42.

Then, as depicted 1n FIG. 12A, by a method similar to that
in FIGS. 9A to 10B, a third re-wiring layer 43 1s formed 1n
the sixth via holes VH6, the third re-wiring layer 43 being
connected to the second re-wiring layer 42. The third
re-wiring layer 43 1s formed as a post electrode protruding
upward from each sixth via hole VH6. The third re-wiring
layer 43 1s formed with a height of about 10 um from the
upper face of the sixth interlayer insulating layer 36.

By the above steps, a re-wiring portion 3 including the
first to third re-wiring layers 41, 42, and 43 and the fourth
to sixth 1nterlayer msulating layers 34, 35, and 36 1s formed
on the base wiring substrate 2.

Then, as depicted in FIG. 12B, the structure in FIG. 12A
1s cut from the upper face of the sixth interlayer isulating
layer 36 to the lower face of the second metal plate 10q at
positions inside the area where the adhesive 14 1s arranged.
At this time, 1n the structure 1n FIG. 12B, the second metal
plate 10a and the base wiring substrate 2 are not adhered to
cach other 1n the area 1nside the position of the adhesive 14,
and therefore they can be separated from each other easily.

By this matter, as depicted in FIG. 13, a wiring substrate
1 of this embodiment 1s obtained.

As described above, 1n the method of manufacturing a
wiring substrate of this embodiment, the base wiring sub-
strate 2 1s formed on the first metal plate 10, and then the first
metal plate 10 1s removed. Thereaiter, the re-wiring portion
3 1s formed on the flat exposed face of the base wiring
substrate 2, the re-wiring portion 3 being connected to the
first wiring layer 21.

In the re-wiring portion 3, by patterning a photosensitive
resin material by means of the photolithography, the fourth
to sixth interlayer insulating layers 34, 35, and 36, which are
thin films having fine via holes and having a thickness of
about 5 um, can each be formed.

Moreover, when the first re-wiring layer 41 or the like 1s
formed by a semi-additive method, the seed layer 41a 1s
formed as a thin film by sputtering, and anisotropic dry
ctching 1s employed upon removing the seed layer 41a while
using the metal plating layer 415 as a mask.

By using such dry process, 1t 1s possible to form the fine
first to third re-wiring layers 41 to 43 equivalent to the
silicon interposer.

Here, the first to third re-wiring layers 41 to 43 are each
formed by a semi-additive method in the mode described
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above. However, as an alternative mode, each re-wiring
layer may be formed by forming metal layers such as a
titanium layer and a copper layer on the entire surface by
sputtering, and then forming a resist pattern by the photo-
lithography, and then etching the metal layers by amisotropic
dry etching.

As depicted 1n FIG. 13, the wiring substrate 1 of this
embodiment includes the base wiring substrate 2 and the
re-wiring portion 3 formed thereon.

Since the wiring substrate 1 of this embodiment 1s manu-
factured by the manufacturing method described above, the
first interlayer insulating layer 31 1s arranged to the lateral
direction and lower sides of the first wiring layer 21 in the
base wiring substrate 2. The lower face and side face of the
first wiring layer 21 are buried in the first interlayer insu-
lating layer 31, and the upper face of the first wiring layer
21 1s exposed from the first interlayer mnsulating layer 31.
Moreover, the upper face of the first wiring layer 21 and the
upper face of the first interlayer isulating layer 31 consti-
tute an 1dentical face each other.

The first interlayer insulating layer 31 has the first via
holes VH1 under the first wiring layer 21. The first via hole
VH1 i1s formed to reach from the lower face of the first
interlayer insulating layer 31 to the lower face of the first
wiring layer 21.

The second wiring layer 22 1s formed under the first
interlayer insulating layer 31 and connected to the first
wiring layer 21 through the via conductor in each first via
hole VHI.

Also likewise, the second interlayer insulating layer 32 1s
formed to the lateral direction and lower sides of the second
wiring layer 22. The second interlayer insulating layer 32
has the second via holes VH2 under the second wiring layer
22. The third wiring layer 23 1s formed under the second
interlayer insulating layer 32 and connected to the second
wiring layer 22 through the via conductor in each second via
hole VH2.

Also likewise, the third interlayer mnsulating layer 33 1s
tformed to the lateral direction and lower sides of the third
wiring layer 23. The third mterlayer insulating layer 33 has
the third via holes VH3 formed under the third wiring layer
23. The fourth wiring layer 24 1s formed under the third
interlayer insulating layer 33 and connected to the third
wiring layer 23 through the via conductor in each third via
hole VH3.

Further, the solder resist 12 1s formed under the third
interlayer isulating layer 33 as a protection msulating layer
and the solder resist 12 1n which the opening portions 12a
are provided on the connecting parts of the fourth wiring
layer 24.

The second to fourth wiring layers 22 to 24 are formed so
as to protrude downward from the lower faces of the first,
second, and third interlayer insulating layers 31 to 33,
respectively.

Moreover, the first to third via holes VH1 to VH3 1n the
base wiring substrate 2 are formed 1n a taper shape in which
the diameter 1s set small gradually from the lower face of the
first, second, and third interlayer insulating layers 31, 32, 33
toward the thickness direction thereof.

Moreover, the fourth interlayer insulating layer 34 of the
re-wiring portion 3 1s formed on the first interlayer insulat-
ing layer 31 of the base wiring substrate 2. The fourth
interlayer insulating layer 34 has the fourth via holes VH4
on the first wiring layer 21 of the base wiring substrate 2.

The first re-wiring layer 41 1s formed on the fourth
interlayer isulating layer 34 and connected to the first
wiring layer 21 through the via conductor in each fourth via
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hole VH4. The fifth interlayer insulating layer 35 1s formed
on the fourth interlayer insulating layer 34 and has the fifth
via holes VHS on the first re-wiring layer 41.

The second re-wiring layer 42 1s formed on the fifth
interlayer insulating layer 35 and connected to the first
re-wiring layer 41 through the via conductor 1n each fifth via
hole VHS. The sixth interlayer insulating layer 36 1s formed
on the fifth interlayer msulating layer 35 and has the sixth
via holes VH®6 on the second re-wiring layer 42.

The third re-wiring layer 43 1s formed in each sixth via
hole VH6 as a post electrode, and connected to the second
re-wiring layer 42, and protrudes upward from the sixth
interlayer msulating layer 36.

Since the re-wiring portion 3 1s formed on the base wiring
substrate 2 which has been reversed up and down 1in the
middle of the manufacturing, the fourth to sixth via holes
VH4 to VH6 1n the re-wiring portion 3 are arranged 1n a
taper shape reverse to the first to third via holes VH1 to VH3
in the base wiring substrate 2.

The re-wiring portion 3 1s formed from the first to third
re-wiring layers 41 to 43 and the fourth to sixth interlayer
insulating layers 34 to 36.

The wiring substrate 1 of this embodiment has such a
structure that the re-wiring portion 3 1s formed directly on
the flat face of the base wiring substrate 2 of the coreless
type at which the first wiring layer 21 1s exposed. The
respective widths of the first to third re-wiring layers 41 to
43 of the re-wiring portion 3 are set to be narrower than the
respective widths of the first to fourth wiring layers 21 to 24
of the base wiring substrate 2.

Preferably, the respective re-wiring layers 41 to 43 of the
re-wiring portion 3 are fine wirings having a line:space of 1
um:1 wm to 5 um:5 um and can perform the function as the
silicon 1nterposer. Moreover, the respective thicknesses of
the fourth to sixth interlayer insulating layers 34 to 36 of the
re-wiring portion 3 are set to be thinner than the respective
thicknesses of the first to third interlayer insulating layers 31
to 33 of the base wiring substrate 2.

As described above, 1n the wiring substrate 1 of this
embodiment, the base wiring substrate 2 and the re-wiring
portion 3 performing the function as the silicon interposer
are formed integrally with each other.

For this reason, there 1s no need to use the silicon
interposer in which the manufacturing cost and the technical
hurdles are high.

Moreover, 1n the case of using the silicon interposer, the
thickness of 1ts silicon substrate 1s already about 100 um or
more, and as considering that multi-layer wiring layers are
formed on both faces of the silicon substrate, there 1s a
limitation when the thinner structure 1s required.

However, in the wiring substrate 1 of this embodiment, no
s1licon substrate 1s used 1n the re-wiring portion 3, and the
thickness of each interlayer insulating layer can be set thinly
to about 5 um and the thickness of each re-wiring layer can
be set thinly to about 2 um to 3 um. Therefore, the structure
can be made thinner than when the silicon interposer 1s used.

In FIG. 14, an example of a semiconductor device 1n
which a semiconductor chip 1s mounted on the wiring
substrate 1 1n FIG. 13 1s depicted. As depicted 1n FIG. 14,
bump electrodes 52 of a semiconductor chip 50 are tlip-chip
connected to the third re-wiring layer 43 of the re-wiring
portion 3 of the wiring substrate 1 1 FIG. 13. Further,
underfill resin 54 1s filled 1n the gap between the semicon-
ductor chip 50 and the re-wiring portion 3 of the wiring
substrate 1.

Moreover, external connection terminals 56 are formed on
the fourth wiring layer 24 located on the lower side of the
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base wiring substrate 2 of the wiring substrate 1, by mount-
ing solder balls thereto, or the like.

In this way, the bump electrodes 52 of the semiconductor
chip 50 arranged at a narrow pitch are connected to the
re-wiring portion 3 including fine wirings, and thereby the
pitch 1s converted from the re-wiring portion 3 to the base
wiring substrate 2.

In the case of using the silicon interposer, a series of steps
are needed which include mounting the silicon interposer
onto the base wiring substrate and further mounting a
semiconductor chip onto the silicon interposer. However, 1n
this embodiment, 1t 1s only necessary to mount the semi-
conductor chip 50 onto the re-wiring portion 3 of the wiring
substrate 1. Thus, the mounting step can be simplified.

The semiconductor chip 50 is illustrated as an electronic
component which 1s to be mounted on the wiring substrate
1. The wiring substrate 1 can be used as a mounting substrate
for various kinds of electronic components.

All examples and conditional language recited herein are
intended for pedagogical purpose to aid the reader in under-
standing the mvention and the concepts contributed by the
imventor to furthering the art, and are to be construed as
being without limitation to such specifically recited
examples and conditions, nor does the organization of such
examples 1n the specification relates to a showing of the
superiority and interiority of the invention. Although the
embodiments of the present mnvention have been described
in detail, 1t should be understood that the various changes,
substitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.

Further, the clauses are disclosed about the above embodi-
ment hereinafter.

(Clause 1) A method of manufacturing a wiring substrate,
comprising:

forming a first wiring layer on a metal plate;

forming a first insulating layer on the metal plate, the first
insulating layer in which a first via hole 1s provided on the
first wiring layer;

forming a second wiring layer on the first insulating layer,
the second wiring layer being connected to the first wiring
layer through a via conductor 1n the first via hole;

removing the metal plate;

forming a second insulating layer on the first insulating
layer, the second 1nsulating layer in which a second via hole
1s provided on the first wiring layer;

forming a seed layer 1n the second via hole and on the
second 1nsulating layer;

forming a plating resist in which an opeming portion 1s
provided 1n an area including the second via hole;

forming a metal plating layer 1in the second via hole and
the opening portion of the plating resist by electroplating;

removing the plating resist; and

forming a re-wiring layer by removing the seed layer by
anisotropic dry etching while using the metal plating layer as
a mask.
(Clause 2) The method of manufacturing a wiring substrate
according to Clause 1, wherein in the removing of the metal
plate, a lower face of the first wiring layer and a lower face
of the first insulating layer are exposed so as to constitute an
identical face each other.
(Clause 3) The method of manufacturing a wiring substrate
according to Clause 1, wherein 1n the forming of the seed
layer, the seed layer 1s formed by sputtering.
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(Clause 4) The method of manufacturing a wiring substrate
according to Clause 1, wherein a width of the re-wiring layer
1s set to be narrower than each width of the first wiring layer
and second wiring layer, and

a thickness of the second insulating layer 1s set to be
thinner than a thickness of the first insulating layer.
(Clause 5) The method of manufacturing a wiring substrate
according to Clause 1, wherein a line:space of the re-wiring

layer 1s selected from a range of 1 um:1 pm to 5 um:5 um.
What 1s claimed 1s:

1. A wiring substrate, comprising:

a base wiring substrate mncluding

a first wiring layer having a gold layer uppermost,

a first insulating layer in which the first wiring layer 1s
buried and a first via hole 1s formed under the first
wiring layer, and

a second wiring layer formed under the first insulating
layer and connected to the first wiring layer through
a via conductor 1n the first via hole; and

a re-wiring portion including

a second insulating layer formed on the base wiring
substrate, the second insulating layer in which a
second via hole 1s formed on the first wiring layer,
wherein the second insulating layer contact the first
wiring layer and the first msulating layer of the base
wiring substrate, the second insulating layer made of
resin and

a re-wiring layer formed on the second insulating layer
and connected to the first wiring layer through a via
conductor 1n the second via hole, wherein the re-
wiring layer extends from an inside of the second via
hole to an upper face of the second sulating layer,
and a pattern edge of the re-wiring layer 1s arranged
on the upper face of the second insulating layer,

wherein, the first via hole has a taper shape 1n which a

diameter 1s set small gradually from the lower face of

the first insulating layer toward the thickness direction
thereof, and the second via hole has a taper shape
reverse to the first via hole, and

the re-wiring layer 1s formed of a seed layer and a metal

plating layer formed on the seed layer, the seed layer

has a two layer structure 1n which a copper layer 1s
formed on a titamium layer, and the titanium layer
directly contacts the second insulating layer, and

a width of the seed layer 1s equal to or wider than a width

of the metal plating layer.

2. The wiring substrate according to claim 1, wherein

an upper face of the first wiring layer and an upper face

of the first insulating layer 1n the base wiring substrate
1s arranged at the same height position, and

the second wiring layer protrudes from the lower face of

the first msulating layer.

3. The wiring substrate according to claim 1, wherein

a width of the re-wiring layer 1s set to be narrower than

cach width of the first wiring layer and second wiring

layer, and

a thickness of the second insulating layer 1s thinner than

a thickness of the first insulating layer.

4. The wiring substrate according to claim 1, wherein a
line:space of re-wiring layer 1s selected from a range of 1
um:1 um to 5 um:5 wm.

5. The wiring substrate according to claim 1, wherein the
first wiring layer of the base wiring substrate has a three
layer structure 1n which a copper layer, a nickel layer, and a

gold layer are formed in order from a bottom.
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